It has been claimed that abrupt onset visual information, presented in the periphery of the visual field, captures attention (Remington, Johnston, & Yantis, 1992; Yantis & Jonides, 1984) . According to the traditional attention-capture hypothesis, peripheral visual information is selected without an intention to do so: Its processing is assumed to be bottom-up rather than contingent on top-down control settings (e.g., Jonides, 1981) . This assumption has been substantiated by studies of peripheral cuing (e.g., McCormick, 1997; Müller & Rabbitt, 1989) . If targets are presented unpredictably at one of several positions, a peripheral cue presented prior to the target at one of the possible locations of the target influences reaction time (RT), error rate, and several physiological measures (e.g., Bashinski & Bacharach, 1980; Hillyard, Luck, & Mangun, 1994; Jonides, 1981; McCormick, 1997; Posner & Cohen, 1984) . Usually, a valid cue, presented at the position of the target, leads to facilitation (i.e., faster reactions and fewer errors), unlike an invalid cue, presented at one of the alternative positions.
1 It is believed that cuing effects reflect the orienting of attention (e.g., Posner, 1980) . In a valid situation, attention will be at the target's position when the target appears because attention would have been oriented toward the cue. Likewise, in invalid conditions, attention will be at the wrong location when the target comes up, and the shifting of attention to the target's position will take time, reflected in an increased RT.
In line with the bottom-up attention-capture hypothesis, peripheral cues have been found to influence RT though they did not predict the position of the target, and participants were told to ignore the cue (Jonides, 1981) . In other experiments, participants have been obviously unaware of peripheral cues, yet a cuing effect has resulted (Lambert, Naikar, McLachlan, & Aitken, 1999; McCormick, 1997; Scharlau, 2002; Scharlau & Neumann, 2003) . Therefore, top-down control over the processing of peripherally presented, abrupt-onset cues has seemed to be limited indeed and unnecessary to produce peripheral cuing effects in the first place.
Other results have indicated that salient singleton features besides abrupt onsets, such as color, might capture attention in a bottom-up fashion too (e.g., Theeuwes, 1994) . In visual search for targets among distractors, color-singleton distractors sometimes seemingly captured attention, although targets were unlikely to be at the distractors' locations (e.g., Johnson, Hutchison, & Neill, 2001; Theeuwes, 1994; Theeuwes, Kramer, & Atchley, 1999) and although participants had to search for neither colors nor singletons (Turatto & Galfano, 2001 ). Therefore, it seems that salient color distractors presented concomitantly with targets and not matching to top-down control settings for the targets might capture attention in a bottom-up fashion too.
Finally, a large amount of data has suggested that attentional capture by peripheral cues or distractors might be neither a mere consequence of bottom-up capture by fixed stimulus properties, such as abrupt onsets, nor of bottom-up capture by salient features. According to the contingent-capture hypothesis, the cue has an influence if it contains information that matches an intentionally searched-for attribute of the target-that is, if it matches the target-search criterion (Folk, Remington, & Johnston, 1992) . Folk et al. found that peripheral abrupt-onset cues influenced RT if targets had an abrupt onset too. In contrast, if the targets were defined by a change in a continuously present, static feature (their color), abrupt-onset cues had no effect. A top-down control setting might be conceived of as an information-processing device akin to "a programmable interrupt in a digital computer" (Folk et al., 1992 (Folk et al., , p. 1041 ).
In the current study, top-down contingent influences mediated via the peripheral cue's match to the control settings for colors and locations were directly compared to the influences of the cue's abrupt onset. Previous studies have usually confounded these effects. For instance, most peripheral-cuing studies have used peripheral abrupt-onset cues that were presented at or near the possible positions of the targets. Hence, the cues' locations were very similar to those of the targets, and peripheral cues might have been selected because of their match to target-directed control settings for locations, because of their abrupt onsets, or both. Consistent with the assumption that a match of cues to the topdown control settings directed to target locations enhances the cuing effect, central cues presented away from all possible target positions do capture attention less efficiently than peripheral cues at the targets' positions. To give an example, participants can successfully ignore central cues if it is required, whereas they are not able to ignore peripheral cues at the possible target positions (Jonides, 1981) . Also, in line with the assumed top-down contingency of the cuing effect, Folk and Remington (1996) observed less capture by distractor cues if these were never at the targets' positions, and participants had some practice with the task at hand. However, because cues in that study preceded targets by 60 ms, equal amounts of capture might have occurred in all conditions, but participants could have learned to reallocate attention prior to the targets' onsets (e.g., Folk & Remington, 1998) .
In the present study, we tested whether the effect of peripheral abrupt-onset cues at positions never occupied by targets was as large as that of peripheral cues at positions that were also occupied by the targets. If the processing of abrupt-onset cues is at least partly contingent on a match between the cues' locations and a corresponding top-down control setting, less cuing effects would be expected under the former compared to the latter conditions. The hypothesis was tested with cues that preceded the targets and with cues that onset concomitantly with the targets (Experiment 4).
Likewise, similarities between the respective colors of cues and targets might have fostered peripheral cuing effects in many previous studies. In those studies that have provided strong support for bottom-up attentional capture by peripheral abrupt-onset cues, cues and targets were of fairly similar colors (e.g., Cheal & Lyon, 1991; Jonides, 1981; Klein, 1994; Müller & Rabbit, 1989; Posner & Cohen, 1984; Remington et al., 1992; Riggio & Kirsner, 1997; Theeuwes, 1991) . In these studies, attentional capture by peripheral abrupt-onset cues might have been inadvertently overestimated due to contributions to overall cuing effects that were contingent on the cue's match to the top-down control settings directed to the target colors. At least, this possibility is suggested by studies that have demonstrated that color-dissimilar peripheral cues (or peripheral distractors) can have small or no cuing effects (e.g., Folk & Remington, 1998 Gibson & Kelsey, 1998; Johnson et al., 2001, Experiment 4; Lambert, Spencer, & Mohindra, 1987; Theeuwes, Atchley, & Kramer, 1998; Theeuwes & Burger, 1998; Yantis & Egeth, 1999) . For instance, Theeuwes and Burger found that in visual search, irrelevant color singletons that never contained the target were successfully ignored if participants knew in advance the dissimilar colors of targets and distractors.
However, as already explained, effects of color-dissimilar cues or distractors have been reported (e.g., Briand, 1998, Experiment 5b; Johnson et al., 2001; Theeuwes, 1994; Theeuwes et al., 1999; Turatto & Galfano, 2001) , an observation that has been taken on its face as evidence for capture by salient feature singletons (e.g., Turatto & Galfano, 2001) . Note, however, that participants in these studies were not necessarily asked to ignore the cues (e.g., Turatto & Galfano, 2001 ) and might have searched for "irrelevant" color singletons (e.g., Johnson et al., 2001) . Therefore, these studies generally do not address the question of whether dissimilar cues are ignored when no control settings are dedicated to the cues themselves or to some of their features. Also, with the exception of the Johnson et al. study, none of these investigations included a comparison with the effects of cues that matched the top-down control settings. Thus, cuing effects by color-similar cues might at least have been stronger than those by dissimilar cues in most of the conditions. In summary, it seemed justified to also systematically investigate the influence of color similarities between cues and targets on the effects of peripheral abrupt-onset cues (Experiments 1-3).
Experiment 1
Color-similar and color-dissimilar cue-target combinations were used to test whether the cuing effect is influenced by the similarity between cue and target color. Abrupt-onset targets and cues had either similar colors (i.e., the target was green and the cue was bluish green, or the target was red and the cue was yellowish red) or dissimilar colors (i.e., the target was green and the cue was yellowish red, or the target was red and the cue was bluish green). Responses to the locations of missing segments of the targets were required (see Figure 1 ). Participants responded with a left keypress if the missing segment was at the top of the target or a right Figure 1 . Succession of events, from bottom to top, for valid trials in Experiments 1 and 2. Bottom: A trial started with the presentation of the fixation square. Middle: Then a cue was presented. Top: Finally, a target appeared at the position of the cue (valid condition) or at an alternative position (invalid condition; not depicted) with a positive stimulus onset asynchrony (SOA) between cue and target. Participants responded to the positions of the missing quarters of the target disks (i.e., whether the missing quarter was at the top of the disk, as depicted, or at the bottom).
keypress if it was at the bottom, and vice versa (mappings varied between participants).
If abrupt-onset cues are selected by control settings set up to process static features of targets, a color-similar cue should lead to a larger cuing effect than a color-dissimilar cue. For example, if the cuing effect is determined by a match between a specific static feature, such as the cue's color, and a corresponding top-down setting directed to the target, a cue that is dissimilar to the expected target color might not be processed at all.
In Experiments 1, 2, and 4, every effort was made to prevent participants from generating intentions to process the cue per se. To this end, the differences between cues and targets were carefully explained, and participants were instructed to ignore the cues. Moreover, the cues were uninformative with respect to the positions of the targets and the required responses, such that there was no objective incentive to violate the instruction (Yantis, 1993) .
Method
Participants. Eight students (5 female, 3 male) at Bielefeld University, Bielefeld, Germany, with a mean age of 24 years, participated in Experiment 1. Participants were paid, and all had normal or corrected-to-normal vision.
Apparatus. The experiment was controlled by a computer that also collected the data. Stimuli were presented on a 15-in. (38.1-cm) color monitor. A serial mouse was used for response registration. The participants pressed the left and right mouse buttons with the index fingers of the corresponding hands, and latencies were measured from target onset to the nearest millisecond. The participants sat in a dimly lit room, 65 cm in front of the screen, with their line of gaze straight ahead and their heads resting in a chin rest.
Stimuli. The sequence of events in a trial is shown in Figure 1 . All stimuli were bright on a dark background. A trial started with the presentation of a fixation square (side length ϭ 0.18°) at the center of the screen for 800 ms. Next, a disk (diameter ϭ 1°) was presented for 34 ms as a cue at one of two possible positions, 3.8°to either the left or to the right of the center. In half of the trials, the cue was yellowish red (hue: 30°; saturation: 100%; lightness: 70%), and in the other half of the trials, the cue was bluish green (hue: 150°; saturation: 65%; lightness: 65%).
After the cue, a target was presented, with an SOA of 68 ms between cue and target. Targets were also presented for 34 ms and were identical to the cues, with the exceptions of their exact colors and shapes. First, in one block, targets were red (hue: 0°; saturation: 100%; lightness: 70%), and in the other block, targets were green (hue: 120°; saturation: 65%; lightness: 65%). Second, targets were always three-quarter disks with either an upper or a lower segment missing, and participants had to respond to the position of the missing segment of the target (see Figure 1) . In valid trials, the cue was presented at the position of the target. In invalid trials, the cue was presented at the alternative position, on the opposite side of the target. Valid and invalid trials were equally likely.
Procedure. Each session consisted of two blocks, one with red and one with green targets. The order of the blocks was balanced across participants. In each block, cues of both colors were presented equally often at both possible locations. Valid and invalid conditions were also equally likely. Each of the possible combinations of two cue colors (yellowish red vs. bluish green), two target shapes (upper segment missing vs. lower segment missing), two cue positions (left vs. right), and two validity conditions (valid vs. invalid) was repeated 10 times per block. Conditions were randomized within each block.
Half of the participants were required to respond quickly and accurately to disks with the upper segment missing by pressing the left key and to disks with the lower segment missing by pressing the right key. This stimulus-response mapping rule was reversed for the other half of the participants. If a response was incorrect, the sentence Falsche Taste! [Wrong key!] was presented, and if a response was longer than 750 ms, the sentence Schneller reagieren! [Respond faster!] was presented for 700 ms. Participants were informed about the probability of valid and invalid conditions, and they were made aware of the similarity between one of the cues and the target (by showing and explaining cues and targets prior to each block). They were required to keep their gaze at the center of the screen. Finally, participants were asked to ignore the cues. Prior to the data recording, there were 24 practice trials. The experiment had a duration of about 45 min.
Results
Out of all responses, 1.7% were excluded because they were faster than 100 ms or slower than 1,000 ms. See Table 1 for the results of all experiments. Separate analyses of variance (ANOVAs) on RT and error rates, with validity (valid vs. invalid) and similarity (similar vs. dissimilar) as variables, led to the following results. There were significant main effects of validity for RT, F(1, 7) ϭ 24.87, p Ͻ .01, and error rates, F(1, 7) ϭ 7.2, p Ͻ .05, and significant Validity ϫ Similarity interactions, RT: F(1, 7) ϭ 6.76, p Ͻ .05; error rates: F(1, 7) ϭ 9.12, p Ͻ .05. RT was shorter in similar-valid (449 ms) than it was in dissimilarvalid (467 ms) conditions (Tukey's honestly significant difference [HSD] ϭ 15.10, p Ͻ .05), whereas no significant difference between similar-invalid (488 ms) and dissimilar-invalid (483 ms) conditions was observed. This amounts to a stronger cuing effect in the similar (invalid RT Ϫ valid RT ϭ 39 ms) than in the dissimilar (16 ms) condition. Also, error rates were lower in valid (7.7%) than they were in invalid (10%) conditions. The Validity ϫ Similarity interaction for the error rates was due to a validity effect in the similar condition (valid: 6.6%; invalid: 11.2%; HSD ϭ 0.12, p Ͻ .05) that was absent in the dissimilar condition (valid: 8.9%; invalid: 8.8%; see also Table 1 ).
Discussion
The strongly diminished cuing effect (corresponding to the effect of the variable validity) in the dissimilar condition is consistent with a top-down-contingent contribution to the peripheral cuing effect. According to this account, cues are processed to the extent that they match top-down control settings directed to targets. Color-dissimilar cues were easily distinguished from the targets and could therefore be more successfully ignored. Likewise, the stronger cuing effect in the color-similar condition might have been due to top-down contingent processing of these cues. Color-similar cues fitted to control settings set up for the target colors. Thus, the results supported the assumption that even if both cues and targets share the dynamic feature of abrupt onset, similarity between a cue's color and a top-down control setting for this color fosters resistance-to-suppression of the cuing effect.
In this respect, the results of Experiment 1 are consistent with those of a number of studies in which cuing or distractor effects were shown to be strongly reduced or absent if the cues' or the distractors' colors did not match the targets' colors and, hence, did not match to top-down control settings set up to process the targets (e.g., Folk & Remington, 1998 Gibson & Kelsey, 1998; Theeuwes & Burger, 1998) . The results may be also in line with cuing effects by color-dissimilar cues (e.g., Briand, 1998; Johnson et al., 2001; Theeuwes et al., 1999; Turatto & Galfano, 2001) and with interference by valid-colorsimilar cues (Berlucchi, Chelazzi, & Tassinari, 2000; Tassinari & Berlucchi, 1993) . First of all, a cuing effect was found in dissimilar conditions, although it was reduced compared to that found in the similar conditions. Second, in previous studies showing colordissimilar cuing effects, color-similar conditions were usually not included (for an exception, see Johnson et al., 2001) , and control settings directed to the cues were not convincingly ruled out (e.g., Johnson et al., 2001; Turatto & Galfano, 2001) . Hence, most of these studies do not address the question of whether previous estimates of the effects of abrupt-onset cues could have reflected contributions that were contingent on a match of the cue's color to a corresponding top-down control setting.
Further, studies conducted by the Tassinari group (Berlucchi et al., 2000; Tassinari & Berlucchi, 1993) may not necessarily contradict the conclusions of the present experiment. In most of these investigations, it was demonstrated that the discrimination of almost identical cues and targets (i.e., cues and targets that were identical in color, shape, duration, and location) was only possible at the expense of a less efficient processing of the target (i.e., costs in the valid condition). In other words, cues and targets might have been processed by means of the very same control settings, and the use of these control settings in the service of mutually exclusive consequences (i.e., suppression of the cue, fast responses to the targets) might also have led to interference in similar-valid conditions, depending on further factors such as stimulus eccentricity (usually much larger in the Tassinari group studies-cf. Berlucchi et al., 2000; Tassinari & Berlucchi, 1993 -than in more conventional cuing studies). However, further research is needed to test this hypothesis.
One might object that using cues and targets of different colors led to all kinds of altered perceptions of the target's color in the color-dissimilar condition of the current experiment. For example, due to the short SOA, a greenish cue might have fused with a red target with the effect that participants perceived the target's color as less saturated. Therefore, the perception of the correct color of the target might have been delayed in the dissimilar-valid condition, leading to longer RTs than found in the similar-valid condition. Correspondingly, one very likely alternative account must be considered for at least a part of the cuing effect in color-similar conditions. Studies of perceptual priming indicate that facilitation and interference in cuing studies could be due to a number of mechanisms. To the extent that cues and targets share features, cues might prime the processing of perceptual features of the target (Bar & Biederman, 1998; Di Pace, Marangolo, & Pizzamiglio, 1997 ; for an overview, see Wiggs & Martin, 1998) . In valid conditions, the color-similar cue might have speeded up the processing of the color of the target and, hence, shortened the RT. Although it is less obvious how delayed target perception in the dissimilar-valid condition or facilitated target perception in the similar-valid condition could account for the absence of the validity effect in the error rates of the dissimilar conditions, perceptual priming might have been an influential factor, at least for the RT effects. This possibility was tested in Experiment 2.
Experiment 2
In each block of Experiment 2, the two cue colors and the two target colors of Experiment 1 were used. Therefore, within the blocks, each of the cues was perceptually similar to only one of the targets and perceptually dissimilar to the alternative target. The yellowish red cue was perceptually similar to the red target but dissimilar to the green target. The bluish green cue was perceptually similar to the green target but dissimilar to the red target. However, irrespective of the perceptual similarity between cues and targets, both perceptually similar and dissimilar cues matched the set of all relevant, searched-for target colors, because presentation of red and green targets was intermixed and unpredictable. Therefore, for example, yellowish red cues matched the set of relevant, searched-for target features irrespective of the following target's color in a trial. Note. Net effects represent invalid minus valid reaction times (RTs) and error rates, respectively, for Experiments 1, 2, and 4, and no-cue minus valid RTs and error rates, respectively, for Experiment 3. Perc. sim. ϭ perceptually similar cue-target; Perc. dis. ϭ perceptually dissimilar cue-target; Simul. ϭ simultaneous-condition block; Lag ϭ lag-condition block. a Block-type differences apply to the location-dissimilar cuing condition only.
The procedure allows influences of perceptual priming, which also might have been bottom-up, to be disentangled from influences that were contingent on top-down control settings (e.g., contingent attentional capture). According to the top-downcontingency account of the similar-dissimilar difference of the cuing-effect strength, the cue is selected because it matches a searched-for (or otherwise relevant) feature of the target set. Therefore, cuing effects by set-matching but perceptually dissimilar cues reflect these top-down contingent influences. However, perceptual priming is selectively possible by perceptually similar cues. Only the perceptually similar cue shares its color with the upcoming target and can therefore facilitate the processing of this feature as an attribute of the target. Hence, cuing by perceptually similar cues reflects influences of perceptual similarity plus influences of set matching.
If at least a part of the cuing effect in the color-similar conditions is due to perceptual priming, the cuing effect should be stronger or exclusively evident in the perceptually similar condition. If, however, the cuing effect of the similar cues reflects top-down contingent processing, the set-matching but perceptually dissimilar cue should lead to a cuing effect of an approximately similar size as that of the set-matching and perceptually similar cue.
Method
Participants. Eight participants (3 female, 5 male), most of them students at Bielefeld University, with a mean age of 24 years, participated in Experiment 2.
Apparatus, stimuli, and procedure. These were identical to those in Experiment 1, with one exception. In each block, both green and red targets were used. As before, cue and target durations were 34 ms and the SOA was 68 ms.
Results
Out of all responses, 6.3% were excluded because they were faster than 100 ms or slower than 1,000 ms. Separate ANOVAs on RT and error rates, with validity (valid vs. invalid) and perceptual similarity (perceptually similar vs. perceptually dissimilar) as variables, led to the following results. In the RT analysis, there were significant main effects of validity, F(1, 7) ϭ 14.8, p Ͻ .01, and perceptual similarity, F(1, 7) ϭ 8.93, p Ͻ .05. Responses were shorter in valid (532 ms) than they were in invalid (563 ms) conditions and shorter in perceptually similar (536 ms) than in perceptually dissimilar (559 ms) conditions. The Validity ϫ Perceptual Similarity interaction was not significant, F(1, 7) ϭ 2.39, p ϭ .17. If anything, the validity effect tended to be stronger in the perceptually dissimilar than in the perceptually similar condition (see Table 1 ). Finally, there was an effect only of perceptual similarity in the error rates, F(1, 7) ϭ 6.74, p Ͻ .05. Error rates were lower in the perceptually similar (4.9%) than in the perceptually dissimilar (6.6%) condition. The main effect of validity, F(1, 7) ϭ 0.67, and the Validity ϫ Perceptual Similarity interaction, F(1, 7) ϭ 0.64, were nonsignificant.
Discussion
The results support the notion that the cue colors' matching to the top-down control settings directed to the target colors (i.e., set matching) accounted for the similar-dissimilar differences of the cuing effects in color-similar as compared to color-dissimilar conditions of Experiment 1. In Experiment 2, in which participants searched for targets of both colors, cuing effects tended to be even stronger in color-dissimilar than in color-similar conditions. 2 Therefore, the fit of the cue colors to the top-down control settings (i.e., the set of the searched-for target colors) seemed to be decisive for whether perceptually color-dissimilar cuing effects appeared to be relatively diminished (as in Experiment 1) or not. Related influences of set match were observed in a recent study: Cuing by color cues was shown to depend on the presence of and, hence, the expectancy for color targets in a block rather than on whether both cue and target had similar colors in the very same trial (Pratt, Sekuler, & McAuliffe, 2001 , Experiment 1).
However, it is not clear how control settings might have led to different cuing effect strengths in set-matching as compared to set-nonmatching conditions of Experiment 1. The stronger cuing effect by the set-matching cues might reflect either stronger attentional effects (e.g., attentional capture) of the set-matching cues or more efficient reallocation of attention after set-nonmatching cues, or both. One possibility is that effects by set-matching cues could have been due to the top-down-contingent attentional processing of the cues, as was hypothesized by Folk et al. (1992) . For instance, these cues could have captured attention more reliably than set-nonmatching cues because they better matched to the search criteria directed to the targets.
Alternatively, attentional capture might have been equally strong for both matching and nonmatching cues, but attention could have been more easily reallocated away from the nonmatching cues (Folk & Remington, 1999; Theeuwes, 1994) . According to this reallocation account of the matching-nonmatching difference, an attentional effect such as capture by the cues would initially be equally strong for both set-matching and setnonmatching cues. A recent study by Turatto and Galfano (2001) provided positive evidence for this possibility. They observed substantial attentional capture by task-irrelevant color singletons that onset concomitantly with targets. In Experiment 3 of the present study, the amount of initial capture by the cues was tested in a condition with a cue-target SOA of 0 ms. In this condition, attention could not be reallocated after the onset of the cue and prior to the onset of the target. Hence, if set-matching and setnonmatching cues initially captured attention in equal amounts, cuing effect differences should have been absent, at least in the visual-search conditions with a cue-target SOA of 0 ms.
2 A stronger cuing effect in the perceptually dissimilar condition was not predicted by the top-down-contingency account of the cuing effect. Possibly, once both perceptually similar and perceptually dissimilar cues match the control settings, perceptual saliency (defined as feature contrast) becomes a factor that strengthens the cuing effect. For instance, temporal or spatial color contrast between probes (cues) and targets can foster neuronal activity associated with the processing of the target (Conway, 2002) . From this perspective, the use of perceptually similar cues seems to be a relatively conservative measure of cuing effects that are contingent on top-down control settings.
Experiment 3
In visual search, color-singleton distractors have sometimes seemingly captured attention, although targets were unlikely to be at the distractors' locations (e.g., Johnson et al., 2001; Theeuwes, 1994; Theeuwes et al., 1999) and participants had to search for neither colors nor singletons (Turatto & Galfano, 2001 ). Therefore, it seems that salient-singleton distractors that do not match the top-down control settings for the targets capture attention in a bottom-up fashion if the singleton/distractors are presented concomitantly with the targets. Consequently, weaker cuing effects by set-nonmatching singleton/cues with a short but positive SOA between singleton/cue and target might reflect the efficient reallocation of attention away from the nonmatching singleton/cue and prior to the onset of the target (e.g., Folk & Remington, 1998 Theeuwes, 1994) . Further, this reallocation of attention during the SOA might fail in the case of set-matching singletons/cues.
In Experiment 3, the reallocation account of the matchingnonmatching cuing effect difference was tested. Reallocation of attention was fostered in all conditions by using only invalid, hybrid informative-nonpredictive cues at three different cue-target SOAs (34, 17, and 0 ms). In each trial, a target appeared nonpredictably at one of four possible positions. Targets at each position were equally likely. It is important to note that if a cue was presented, it was always invalid. The invalid cue that preceded or accompanied the target was equally likely at one of the three alternative positions not occupied by the target in the current trial. Therefore, invalid cues did not predict the most likely position of the target. In this respect, the cues can be considered nonpredictive. However, the cue reduced the number of potential positions of the upcoming target from four to three because the invalid cue never appeared at the target position. In this respect, the cue can be considered informative, and reallocation of attention away from the cue was encouraged.
In this situation, attentional capture should have shown up as interference in the invalid condition compared to a neutral baseline condition without a cue. Unfortunately, under such conditions, one cannot tell whether longer RTs in invalid compared to baseline conditions reflect spatial shifts of attention or nonspatial filtering costs induced by the need to filter out an irrelevant object or noise (i.e., the cue; Folk & Remington, 1998 Remington, Folk, & McLean, 2001 ), or both. However, some interference should have been evident if the dissimilar nonmatching cue has the power to initially capture attention in a 0-ms-SOA condition. Also, if differences between validity effects of set-matching and set-nonmatching cues reflect differences of reallocation efficiency, set-nonmatching cues should have interfered by at least the same amounts as set-matching cues in the 0-ms-SOA condition. To sum up, we regarded interference in the dissimilar nonmatching condition as evidence for attentional capture by the cues, although interference might reflect both attentional capture or nonspatial filtering costs. Therefore, Experiment 3 provided a conservative test of our own contention that reallocation after initial capture was not responsible for the weaker effect of the color-dissimilar nonmatching cues.
Method
Participants. Twelve students (9 female, 3 male) of Bielefeld University, with a mean age of 26 years, participated in Experiment 3.
Apparatus, stimuli, and procedure. These were identical to those in Experiment 1, with the following exceptions. First, in each trial, a target was presented with an eccentricity of 3.8°at one of the four corners of an imaginary square centered on the screen, above-left, above-right, belowleft, or below-right of fixation. Second, there were no valid conditions. Only baseline conditions without cues and invalid conditions with hybrid informative-nonpredictive cues were used. Each abrupt-onset target at a specific location was equally likely to be preceded or accompanied by an abrupt-onset cue at one of the three remaining positions. Therefore, cues did not predict the most likely location of the upcoming target, but they did reduce the number of potential target positions from four to three. Finally, three different cue-target SOAs were used (34, 17, and 0 ms). As before, cue and target durations were 34 ms. The 48 resulting combinations (4 target positions ϫ 4 cue conditions ϫ 3 SOAs) were repeated four times per each of the three blocks. Together with instruction, prior practice, and short breaks between blocks, a complete experimental session took about 75 min.
Results
Out of all responses, 1.7% were excluded because they were faster than 100 ms or slower than 1,000 ms. An ANOVA on RTs, with similarity (similar vs. dissimilar) and SOA (0, 17, or 34 ms) as variables, revealed significant main effects of similarity, F(1, 11) ϭ 15.43, p Ͻ .01, and SOA, F(2, 22) ϭ 15.7, p Ͻ .01, but no similarity ϫ SOA interaction, F(2, 22) ϭ 1.08, p ϭ .36.
3 Responses were shorter in dissimilar (515 ms) than they were in similar (527 ms) conditions, and RT decreased as a function of SOA (SOA ϭ 0 ms: RT ϭ 526 ms; SOA ϭ 17 ms: RT ϭ 520 ms; SOA ϭ 34 ms: RT ϭ 517 ms). The stronger interference by similar than by dissimilar cues was confirmed by comparisons to the baseline-no-cue condition. Separate RT ANOVAs for similar and dissimilar conditions, with cuing condition (baseline-no-cue, SOA ϭ 0 ms, SOA ϭ 17 ms, or SOA ϭ 34 ms) as the only variable, led to a significant main effect of cuing in similar, F(3, 33) ϭ 17.22, p Ͻ .01, but not in dissimilar conditions, F(3, 33) ϭ 2.11, p ϭ .12. In similar conditions, RTs were longer if a cue was presented (SOA ϭ 0 ms: RT ϭ 535 ms; SOA ϭ 17 ms: RT ϭ 525 ms; SOA ϭ 34 ms: RT ϭ 522 ms) than they were in the baselineno-cue condition (511 ms), and they were longer when SOA ϭ 0 ms than they were in all other cuing conditions (HSD ϭ 10.50, p Ͻ .01). In dissimilar conditions, the corresponding differences were not significant. RT was 511 ms for Condition SOA ϭ 34 ms, 516 ms for Condition SOA ϭ 17 ms, and 518 ms for Condition SOA ϭ 0 ms.
In an ANOVA of the arcsine transformed error rates, with similarity (similar vs. dissimilar) and SOA (0, 17, or 34 ms) as variables, a significant main effect of SOA, F(2, 22) ϭ 4.68, p Ͻ .05, and a trend toward an effect of similarity, F(1, 11) ϭ 3.5, p ϭ .09, resulted. Error rates increased as a function of SOA (SOA ϭ 0 ms: 5.9%; SOA ϭ 17 ms: 6.9%; SOA ϭ 34 ms: 7.3%). Therefore, speed-accuracy trade-offs contributed to the decrement of RT as a function of SOA. Also, error rates tended to be smaller in dissimilar (6.2%) than they were in similar (7.2%) conditions (see also Table 1 ). Separate error rate ANOVAs for similar and dissimilar conditions revealed significant effects of cuing condition (baseline-no-cue, SOA ϭ 0 ms, SOA ϭ 17 ms, or SOA ϭ 34 ms) in both similar, F(3, 33) ϭ 4.84, p Ͻ .01, and dissimilar conditions, F(3, 33) ϭ 6.55, p Ͻ .01. Post-hoc tests revealed that error rates were significantly above the baseline (4.8%) in Conditions Similar-SOA ϭ 34 ms (7.4%) and Dissimilar-SOA ϭ 34 ms (7.3%), as well as in Condition Similar-SOA ϭ 17 ms (7.8%; HSD ϭ 0.10, p Ͻ .05; see also Table 1 ).
Discussion
In comparison with a baseline-no-cue condition, dissimilarinvalid cues interfered weakly. Significantly higher error rates were observed only for the largest cue-target SOA (34 ms). If anything, this means that initially weak capture by color-dissimilar and nonmatching cues eventually grew if processing of the cues started before processing of the targets. However, given that nonsignificant RT costs in the dissimilar-invalid condition tended to decrease as a function of SOA, a more realistic conclusion is that interference by the dissimilar nonmatching cues was more or less absent and about the same across all SOAs.
The results are in line with those of a previous study by Theeuwes and Burger (1998), in which targets were presented within color-singleton circles. Concomitantly presented, differently colored distractor circles contained either congruent or incongruent information. In congruent conditions, distractors indicated the same responses as the targets. In incongruent conditions, distractors indicated different responses than did the targets. Congruency effects (i.e., faster responses in congruent than in incongruent conditions) were virtually absent if participants knew in advance the colors of both the to-be-ignored distractor singletons and the relevant (target-containing) singletons. The authors concluded that attentional capture had been successfully prevented in these conditions.
In the present experiment, results of color-similar set-matching conditions deviated from those of color-dissimilar nonmatching conditions. In color-similar conditions, cues that matched the top-down control settings interfered significantly, even if the SOA was 0 ms. Therefore, stronger effects of the color-similar setmatching compared to the color-dissimilar nonmatching cues were not restricted to positive cue-target SOAs. This result is at odds with the assumption that a more efficient reallocation of attention after the color-dissimilar nonmatching cues and prior to the targets accounts for the weaker cuing effects in color-dissimilar as compared to color-similar conditions. Rather, it seems that starting with cues' onsets, their effect is determined by their matching to the control settings that operate in the service of target processing.
Note that it is not clear whether stronger effects of color-similar matching cues were due to attentional capture. An alternative is that filtering costs, whether for objects or for noise, could have been higher in color-similar conditions (Folk & Remington, 1998; Pashler, 1998; Treisman, Kahneman, & Burkell, 1983) . What can be concluded is that bottom-up attentional capture triggered by salient color-singleton/distractors (i.e., the nonmatching colordissimilar cues) was small and is of minor importance for results obtained with the procedure used in the current investigation.
This observation is at odds with the stronger effects of colordissimilar than color-similar cues found by Johnson et al. (2001) . As these authors admitted, their results could have been due to an involuntarily provided incentive for top-down search of the colordissimilar cues (p. 846). Correspondingly, it is not certain that top-down-contingent processing of irrelevant color singletondistractors was successfully prevented in the study of Turatto and Galfano (2001) . In that investigation, colors of singletons and nonsingletons were interchanged unpredictably from trial to trial, with the effect that set matching in color (as defined in the present Experiment 2) was possible once participants used color to guide their target search.
Experiment 4
The first three experiments provided evidence that a matching between static features, such as the colors of cues and corresponding top-down control settings set up to search for targets, was at least partly responsible for peripheral cuing effects, even if both cues and targets had abrupt onsets. In Experiment 4, the influence of similarity of cues and targets in the static feature of location on the cuing effect was investigated. As explained earlier, in most previous studies in which effects of peripheral abrupt-onset cues appeared hard to suppress, similarity between the static feature of cue location and a corresponding control setting for the target was also high: Cues were presented close to the possible target locations (e.g., Folk & Remington, 1996; Jonides, 1981; Posner & Cohen, 1984; Remington et al., 1992) . Therefore, a matching of the cue's static feature of location to a corresponding top-down control setting for the target might have led to an overestimation of the relative impact of the dynamic feature of abrupt onset on the cuing effect. Indeed, smaller cuing effects by location-dissimilar than by location-similar cues have already been reported by Folk and Remington (1996, Experiment 3) . Experiment 4 was intended to replicate those results with the current experimental procedure.
To manipulate similarity of cue-target locations, targets were presented above or below fixation, and cues were either set matching or nonmatching to these target locations. Location-similar cues were shown at the target positions, either above or below fixation. They preceded the targets and were equally likely to be valid or invalid. Location-dissimilar cues appeared at one of the positions never occupied by the targets-that is, to the left or to the right of fixation. In each trial, one location-dissimilar cue was shown. In valid and invalid conditions, it was accompanied by a locationsimilar cue; in the baseline-no-similar-cue condition, the locationdissimilar cue was the only cue. In separate blocks, locationdissimilar cues onset either concomitantly with the targets (simultaneous condition) or after the targets (lag condition).
If the processing of abrupt-onset cues is at least partly contingent on a match of a cue's location to a top-down control setting directed to the same location (because it potentially contains a target), location-dissimilar cues should have no effects or smaller effects than do location-similar cues. In contrast, attentional capture by the invalid, location-dissimilar abrupt-onset cues should show up as interference with the response to the target in the simultaneous as compared to the lag condition. If abrupt onsets capture attention irrespective of whether or not the cue's location matches to the top-down control settings, responses should be slower if a location-dissimilar cue onsets concomitantly with the target than if targets are presented alone, and the locationdissimilar cue onsets after the target (i.e., targets precede locationdissimilar cues by a positive SOA). As a control condition, attentional effects of the location-similar cues were estimated. In any case, attentional effects of the location-similar cue should show up as interference with the response to the target in the locationsimilar/invalid condition as compared to the baseline condition without location-similar cues.
Method
Participants. Twenty students (16 female, 4 male) at Bielefeld University, with a mean age of 25 years, participated in Experiment 4.
Apparatus, stimuli, and procedure. These were identical to those in Experiment 1, with the following exceptions. First, both cues and targets were white. Second, targets were only presented on the vertical meridian either 3.8°above or below fixation. This rendered left and right cues on the horizontal meridian (either 3.8°to the left or to the right of fixation) location-dissimilar in relation to the targets. Third, in the simultaneous condition, targets and location-dissimilar cues had concomitant onsets. In the lag condition, target onsets preceded the onsets of the locationdissimilar cues by an SOA of 85 ms. Simultaneous and lag conditions were run in separate blocks. Fourth, in the baseline-no-similar-cue conditions of both blocks, the target and a location-dissimilar cue were shown, but no location-similar cue was presented. In valid and invalid conditions of both blocks, three stimuli were presented: one target, one location-dissimilar cue, and one location-similar cue. Location-similar cues were at the targets' possible positions (i.e., above or below fixation), preceded the targets by an SOA of 68 ms, and were equally likely to be valid or invalid. The duration of both cues and targets was 34 ms (see also Figure 2 ).
The two possible location-similar cue positions (above vs. below fixation) plus the baseline-no-location-similar cue condition were equally likely. The resulting 24 combinations in each block were repeated 10 times (240 trials). The sequence of blocks (simultaneous condition first vs. lag condition first) was balanced across participants. Together with instruction and prior practice, the whole experiment took about 45 min.
Results
Out of all responses, 3.1% and 3.0% were excluded in the simultaneous condition and in the lag condition, respectively, because responses were faster than 100 ms or slower than 1,000 ms. In an RT ANOVA with validity (valid vs. baseline-no-similarcue vs. invalid) and block (simultaneous condition vs. lag condition) as within-subjects variables, a significant main effect of validity resulted, F(2, 38) ϭ 32.08, p Ͻ .01, but there was no significant effect of block, F(1, 19) ϭ 0.04, and no significant Validity ϫ Block interaction, F(2, 38) ϭ 0.71. Responses were significantly faster in the valid (455 ms; HSD ϭ 17.1, p Ͻ .01) condition than they were in baseline-no-similar-cue (480 ms) or the invalid (488 ms) condition, whereas the latter conditions were not significantly different from one another (see also Table 1 ).
More important, the hypothesis of a stronger interference by the invalid location-similar cues than by the invalid location-dissimilar cues was confirmed in an analysis of the error rates for effects of validity, F(2, 38) ϭ 11.38, p Ͻ .01, blocks, F(1, 19) ϭ 1.62, p ϭ .22, and Validity ϫ Block interaction, F(2, 38) ϭ 0.34. Error rates were significantly lower in the valid (7%) and baseline-no-similar- Figure 2 . Example successions of events, from bottom to top, for invalid trials of the simultaneous (left) and lag (right) conditions in Experiment 4. In both valid and invalid conditions, after the presentation of the fixation square, a circular cue was presented either above or below the screen center. In baseline conditions (not depicted), no cue was shown prior to the targets. Next, a target (a disk with one quarter missing) appeared above or below the screen center. The target was presented either concomitantly with another circular cue (simultaneous condition) or prior to another circular cue (lag condition) appearing to the left or to the right of center. SOA ϭ stimulus onset asynchrony. cue (6.7%) conditions (HSD ϭ 0.12, p Ͻ .01) than they were in the invalid condition (10.3%), whereas valid and baseline-no-similarcue conditions were not significantly different from one another.
Discussion
The results of the present experiment suggest that abrupt-onset cues affect RT via top-down-contingent attentional processes. Location-dissimilar invalid cues presented away from and onsetting concomitantly with the targets did not significantly interfere as compared with location-dissimilar invalid cues presented after the targets. Therefore, no effect of the location-dissimilar cue was observed, although in simultaneous conditions, cues and targets had concomitant abrupt onsets, and color-similar cues at the same left and right positions did produce interference effects in Experiment 3. Remarkably, the results resembled those for the colordissimilar conditions of Experiment 3, in which a corresponding absence of interference by color-dissimilar invalid cues that onset abruptly and concomitantly with the targets was observed.
In contrast, location-similar cues produced strong cuing effects of about 34 ms (location-similar-invalid RT minus locationsimilar-valid RT). What is more, significant interference of the location-similar-invalid cues, in comparison with the error rates in the baseline-no-similar-cue condition, also resulted. In sum, it seems as if effects of abrupt-onset cues were possible, but restricted to the conditions where the cue locations matched the searched-for target locations. Again, the results supported the assumption that the effect of abrupt onset cues is strongly contingent on a match of the cue's static features to top-down control settings set up for and directed to the static features of the targets.
General Discussion
In four experiments, top-down contingencies of peripheral, abrupt-onset cuing were tested and confirmed. Stronger cuing effects resulted when the abrupt-onset cues were also similar in color or location to the targets and, hence, if the abrupt-onset cues matched the top-down control settings set up to process static features of the targets. Also, at least in two conditions in which cues were dissimilar to the targets and did not match the top-down control settings (Experiments 3 and 4), no significant cuing effects resulted. Abrupt-onset cues that had a color that did not fit to the set of searched-for target colors or were presented at a position never occupied by a target were effectively ignored.
To obtain an effect of the abrupt-onset cues, cues did not need to be color-similar to the following target. The cuing effects of the cues that matched to the control settings were about the same, irrespective of whether the cues were perceptually similar to the following targets or not (Experiment 2). Therefore, it is unlikely that perceptual priming can account for the (stronger) cuing effects by color-similar cues. Rather, all results suggested one coherent interpretation: Top-down control settings appeared to be responsible for the cuing effects. One further observation supported this conclusion. Cuing effects of color-similar cues were reduced when participants expected targets of another color in at least some of the trials (compare effects of perceptually similar cues in Experiments 1 and 2). A likely reason is an occasional mismatch between the similar cue and the control settings (i.e., the expected target color) in Experiment 2. Such mismatches were prevented in conditions in which similar cues always matched the expectations (Experiment 1).
The top-down contingent cuing effects likely reflected an attentional process. In all of the experiments, effects by set-matching cues resulted, although the cues could not have activated one of the required responses: Only targets had missing segments-that is, response-relevant imperative features. Therefore, cues must have influenced attentional processes, via either perceptual or postperceptual processing of the targets. Further, nonspatial noise or object filtering costs might account for the effects of the setmatching cues in conditions with cue-target SOAs of 0 ms (Experiment 3). But estimates of potential filtering costs derived from these conditions were 24 ms (invalid RT Ϫ no-cue RT in Experiment 3) and must be compared to the stronger cuing effects in most of the set-matching conditions with positive cue-target SOAs (39 ms in Experiment 1, 32 ms in Experiment 2, 33 ms in Experiment 4). If filtering costs or delayed allocation of attention to one of the positions by the set-matching-invalid conditions had been responsible for all of the set-matching cues' effects, we would have expected cuing effects to be generally an inverted function of the SOA: Chances to filter out cues prior to the targets, and hence amounts of filtering costs or attentional delay, should have decreased with increasing cue-target SOA (cf. Remington et al., 2001) .
Finally, compared to the set-matching cues, effects of those dissimilar cues that did not match to the top-down control settings were reduced even if the cue-target SOA was 0 ms (Experiments 3 and 4). In these conditions, initial capture by the dissimilar and nonmatching cues should have shown up, because reallocation of attention during the SOA and prior to the target's onset would not have been possible. Therefore, performance differences between matching and nonmatching conditions cannot be ascribed to the more efficient reallocation of initially captured attention after nonmatching as compared with set-matching cues. In summary, it is likely that cuing effects of the set-matching cues were due to contingent capture (Folk et al., 1992) . In the present experiments, cues were seemingly selected according to their fit to searched-for static attributes of the targets, such as color or position, even if cues and targets shared the dynamic feature of abrupt onset. In conclusion, top-down processes, such as contingent capture, seemingly play an even more decisive role for effects of peripheral abrupt-onset cues than has previously been assumed. This conclusion is also supported by a number of studies in which distractors or cues that were dissimilar in color to the targets and the corresponding control settings produced small to negligible attentional capture (e.g., Gibson & Kelsey, 1998; Theeuwes & Burger, 1998; Yantis & Egeth, 1999) .
The results are apparently at odds with some of the previous reports of reliable effects by dissimilar cues or distractors (e.g., Briand, 1998; Johnson et al., 2001; Theeuwes, 1994; Theeuwes et al., 1999; Turatto & Galfano, 2001 ). However, in those investigations, top-down control settings were less carefully controlled for than they were in the present research. For instance, only informing the participants about the probabilities of a target at a singleton's location (e.g., Turatto & Galfano, 2001 ) is a rather awkward way to prevent the setup of top-down control settings directed to the singletons compared to an instruction that tells the participants to ignore the cues. Consequently, conditionality of cuing effects on appropriate control settings (directed to the cues) might have merely went undetected in these studies.
Exogenous Cuing Revisited
Very often, cuing by peripheral cues has been referred to as "exogenous" (Posner, 1980) , "automatic" (Jonides, 1981) , or "reflexive" (Müller & Rabbitt, 1989) , and this terminology has prevailed up to the present (e.g., Danziger, Kingstone, & Ward, 2001 ). Basically, these terms have been intended to account for evident differences between the processing of peripheral cues and the processing of central cues. Whereas peripheral cuing leads to effects of validity even if the cues are nonpredictive with respect to the likely position of the next target (e.g., Jonides, 1981; Lambert et al., 1987; Maylor, 1985; Posner & Cohen, 1984; Remington et al., 1992) , the cue-target SOA is very short (Müller & Rabbitt, 1989; Nakayama & Mackeben, 1989; Neumann, Esselmann, & Klotz, 1993) , participants are told to ignore the cues (Jonides, 1981) , or cues are presented below detection thresholds (Lambert et al., 1999; McCormick, 1997; Scharlau, 2002; Scharlau & Neumann, 2003; Steglich & Neumann, 2000) , the same does not seem to hold for central cues. Central cues, like arrows or numbers presented in the center of the screen that indicate one of the alternative positions of an upcoming target, more often have been shown to be effective only if they were predictive of the likely position of the target (Klein, 1994; Riggio & Kirsner, 1997, Experiment 4) , if the cue-target SOA was long enough (Cheal & Lyon, 1991; Müller & Rabbitt, 1989) , or if participants were asked to process these cues (if asked to ignore central cues, at least, participants can evidently do this; Jonides, 1981) . In summary, it has seemed as if central cues had to be intentionally searched for and decoded so that attention could be shifted accordingly. This would explain why participants needed to actively initiate the processing of central cues and why it took time to process the central cues. On the contrary, peripheral abrupt-onset cues have seemed to have their effects although no intention was aimed at them. Therefore, peripheral cues have been considered to be processed unintentionally or even despite an intention not to process them. It is exactly this notion that has led to the dichotomous terminology used to denote two forms of visuospatial attention (i.e., endogenously vs. exogenously controlled attention to denote the processing of central vs. peripheral cues, respectively).
In light of the results of the current study and those of others (Folk et al., 1992; Rauschenberger & Yantis, 2001; Warner, Juola, & Koshino, 1990; Yantis & Jonides, 1990 ; for more theoretical reviews, see Neumann, 1984; Pashler, Johnston, & Ruthruff, 2001) , these dichotomies no longer seem appropriate. According to the contingent-capture hypothesis, the processing of both central and peripheral cues depends on appropriate prior top-down control settings. The only difference is that in case of central cuing, these control settings need to be set up for and directed to the central cues themselves, whereas in case of peripheral cuing, these control settings are set up and directed to other stimuli, the targets, and peripheral cues are only inadvertently processed by means of these target-directed control settings. Now, interestingly, this hypothesis also explains a wealth of the data that have been obtained in studying the processing and the effects of central versus peripheral cues. First, according to the contingent-capture hypothesis, presenting peripheral cues at or near the potential position of a target leads to the selection of that information because of the fit between the positional information delivered by the cue and a searched-for attribute of the target, namely its position. For example, if the participant does not know whether the first stimulus in a trial will be a target or a cue, selecting the cue by the target-search criterion of position seems to be the obvious result of the target-directed strategy. How else should the participant decide which stimulus was presented at a possible target-location and whether to respond or not? This is, for example, the situation when trials without cues are unpredictably encountered from time to time. But even if the peripheral cue is always the first stimulus, and therefore would be easier to discard from processing, it is still in the participant's interest to focus attention on regions (positions) where targets can be presented. As is well known, the focus of attention seems to be adjustable in size (e.g., Eriksen & Yeh, 1985) , and it is therefore possible to roughly select the area in which targets will be presented. Now, especially if the cue-target SOA is brief, and quick reactions to the target are required, withdrawing attention from a target's potential position in response to the cue and just prior to the target would be to the disadvantage of the participant, because processing of a target could be unnecessarily halted by refractory processes in allocating attention. Therefore, in these situations, participants presumably prefer the fast processing of stimuli at every potential target position at the expense of processing the not-to-be-processed or nonpredictive cue. For example, Jonides's (1981, Experiment 2) participants had to discard cues presented at positions near a target's possible location just 50 ms prior to the target and might therefore have appeared to be unable to withdraw attention from these cues, though this was what was asked for.
Indeed, even the necessity to discriminate set-matching cues and targets at the same positions can apparently compromise the processing of the targets: If participants have to tell peripheral cues from almost identical targets, interference in valid conditions results even for cue-target SOAs of 200 ms (Berlucchi et al., 2000; Tassinari & Berlucchi, 1993; Tassinari, Biscaldi, Marzi, & Berlucchi, 1989) . Besides, it is not certain whether participants registered the expense of their strategy (i.e., the inadvertent processing of the cues by top-down control settings aimed at the target) in Jonides's study and would have been able to adjust their strategies had they known they were violating the instructions.
Second, now it is also easy to understand why cue-target SOAs can be so very brief to allow for an influence of peripheral cues (e.g., Müller & Rabbitt, 1989; Nakayama & Mackeben, 1989; Neumann et al., 1993) because by the contingent-capture account short SOAs were just identified to be those conditions in which the selective discarding of cues would be most disadvantageous to the target's processing. On the contrary, the processing of central cues always requires two visuospatial attention movements (shifts and narrowing of widening of the focus), one aimed at the cue, and one aimed at the target, with the effect that with short SOAs the selective attending to the cues would be especially disadvantageous for the processing of a target presented at an alternative position at approximately the same time. Finally, in the meantime, even the processing of peripheral cues presented below detection threshold has been shown to depend on appropriate control settings aimed at the target. Ansorge, Heumann, and Scharlau (2002) showed that for a masked, peripheral cue to produce a priming effect, its features had to fit to the search or response criteria directed to the target (for related results, see Leuthold & Kopp, 1998; Neumann & Klotz, 1994; Scharlau & Ansorge, 2003) .
Conclusion
The contingent-capture account suggests a revision of the concepts that have been around in the distinction of processing of central versus peripheral cuing: Endogenous versus exogenous orienting, reflexive versus voluntary control, automatic versus intentional shifting-all these dichotomies might not be the best terms with which to get at the difference. Discrimination of high versus low signal-to-noise ratios of cue-target combinations might better capture the decisive difference between less and more effective cuing conditions.
